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CM 
CM 



(57) The apparatus measures timing variations, 
such as the jitter or wander in a timing signal (100) of a 
telecommunications network. A recovered clock signal 
is sampled and digitised to produce a series of digital 
clock samples which are then processed (135) with ref- 
erence to a local digital reference signal to produce dig- 
ital baseband frequency in-phase (I) and quadrature (Q) 
components (165, 170) these being further processed 
(145) to produce the digital phase information of said 
clock signal to determine (1 75) the required parameters 
of the network. The the step of digitally processing said 
clock samples with reference to a local reference signal 
can be conveniently and cheaply implemented using a 
digital signal down-converter IC (135), for example of a 
type existing for digital radio receiver implementations. 
For jitter mesurement, the local reference signal may be 
generated by a phase-locked loop (as in Fig. 2). For 
wander measurements an external reference clock is 
used (as in Fig. 3). 



105 

JITTER LINE INTERFACE 



W 

SIGNAL INPUT 



> 



0/E 
CONVERSION 



115 
CLOCK 
RECOVERY 



120 
SAMPLING 



125 

DIGITAL CLOCK 
DIVIDER 



130 
A/D 
CONVERTER 




FIG. 1 



CL 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 1 244 241 A1 



2 



Description 

[0001] The present invention relates to a method of 
and apparatus for measuring parameters of an electron- 
ic system. The invention may be applied in the meas- 5 
urement of timing variations in digital transmission sys- 
tems. Parameters such as jitter and wander, as defined 
by the International Telecommunications Union (ITU-T), 
can be measured as well as other associated parame- 
ters. 10 
[0002] Modern telecommunications networks de- 
mand a high degree of synchronisation between net- 
work transmission elements. Synchronisation for the 
network transmission elements in Synchronous Digital 
Hierarchy (SDH) architectures is critical. However, 15 
phase variations in the reference clock frequencies gov- 
erning synchronous network elements may introduce 
errors at various stages in the network. Timing errors 
are of concern in such networks as they impact greatly 
on performance and the quality of service provided. It is 20 
therefore of the utmost importance that test equipment 
can accurately and quickly model timing errors in such 
networks. 

[0003] Two important measurements of timing error 
in SDH networks are jitter and wander. Particular defi- 25 
nitions of what constitute jitter and wander can be found 
in ITU-T recommendation G.810, although other defini- 
tions are of course possible. Jitter and wander are the 
short- and long-term variations respectively of the sig- 
nificant instances of a digital signal from their ideal po- 30 
sitions in time. According to ITU G.810, "short-term" im- 
plies any such variations are of a frequency greater or 
equal to 10Hz and "long- term" implies variations of a 
frequency less than 1 0Hz. 

[0004] Various other measures of timing errors in syn- 35 
chronous digital transmission systems can be derived 
from jitter and wander measurements, giving additional 
data on the network systems under scrutiny. Jitter and 
wander data, together with these other parameters, can 
be used to evaluate the performance of equipment and *o 
systems, often to diagnose a fault which has developed 
and which impairs customer service. 
[0005] Previously known solutions to measuring jitter 
and wander have been largely analogue in approach 
and implementation. This has several disadvantages, 45 
including hardware limitations. Using heavily analogue- 
based equipment introduces non-linearities into meas- 
urements. Different measurements across different pro- 
tocol standards demand different hardware specifica- 
tions. 50 
[0006] Prior solutions have involved external hard- 
ware processing of the recovered clock signal. Tradi- 
tionally the external signals would be measured using a 
conventional phase detector and tracking loop ap- 
proach, where the external phase detector is scaled to 55 
the maximum jitter to be measured and the tracking 
bandwidth setting the low frequency cut-off. The jitter to 
be measured is first demodulated in discrete hardware 



and then sampled to be processed. This is all hardware 
intensive and is prone to setting an drift problems asso- 
ciated with low frequency analogue processing. Inaccu- 
racies may arise due to hardware tolerances and signal 
aliasing due to low sampling frequency. For the case of 
jitter where the hardware processing is more intensive, 
problems associated with low frequency analogue 
processing can arise due to settling and drift. 
[0007] Examples to solutions to such problems in- 
clude EP 0 849 907 which discloses a phase measure- 
ment method and apparatus which digitises phase dif- 
ference signals within an analogue phase locked loop 
(PLL). Co-pending European patent applications 1 054 
522 and 00 3 03 669.6 disclose methods of measuring 
jitter and wander parameters such as MTIE and TDEV 
using filter cascades to accelerate processing of jitter 
and wander data. These approaches, while compatible 
with the present invention, still perform phase detection 
in the analogue domain so that the problems associated 
with an analogue/ mixed signal approach still persist. 
[0008] It is an object of the present invention to pro- 
vide a method and apparatus to measure timing varia- 
tions in an input signal accurately over a wide frequency 
range of variations. 

[0009] It is a further object of the present invention to 
provide an improved method and apparatus to provide 
one or both of jitter and wander measurements. 
[0010] The invention in a first aspect provides a meth- 
od of measuring parameters of an electronic system by 
reference to a series of data samples comprising the 
steps of: 

(a) recovering a clock signal from an input signal 
received from the electronic system; 

(b) sampling and digitising said recovered clock sig- 
nal to produce a series of digital clock samples; 

(c) processing said digital clock samples digitally 
with reference to a local digital reference signal to 
produce digital baseband frequency in-phase (I) 
and quadrature (Q) components; 

(d) processing said digital I and Q components to 
extract digital phase information of said clock sig- 
nal; and 

(e) processing said digital phase information to de- 
termine a parameter of an electronic system. 

[001 1 ] The step (c) may conveniently and cheaply be 
implemented using a digital signal down-converter IC of 
a type known for digital radio receiver implementations. 
[0012] The steps (d) and (e) may be implemented in 
a single programmable digital signal processor chip, al- 
though of course other hard-wired or programmed logic 
arrangements coutd be used instead. Use of a program- 
mable component such as a digital signal processor al- 
lows for programmable filter bandwidths over a wide 
range of frequencies, for example. 
[0013] The network may further comprise (al) fre- 
quency-dividing said recovered clock signal prior to said 
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sampling step. 

[0014] The frequency dividing step may be performed 
so as to reduce the frequency of the recovered clock 
signal for sampling while measuring recovered clock 
signals of different frequencies. The reduced frequency 5 
may be fixed, or variable. 

[001 5] The processing of said digital clock samples to 
produce baseband frequency in-phase (I) and quadra- 
ture (Q) components may comprise splitting said digital 
clock samples into at least two components and mixing 10 
them with a respective reference signals derived from a 
said local digital reference signal. 
[0016] The processing of said baseband frequency I 
and Q components to extract phase information may fur- 
ther comprise the step of filtering and decimating said I 15 
and Q components. 

[0017] The step of extracting phase information may 
comprise applying an inverse tangent function to said 
filtered and decimated I and Q components by digital 
signal processing. 20 
[001 8] In one embodiment of the invention, the phase 
of said local digital reference signal is controlled in re- 
sponse to the extracted phase information as part of a 
phase-locked loop (PLL). The phase-locked loop may 
include a low-pass filter. 25 
[001 9] The extracted digital phase information may be 
processed into clock jitter data at step (e) by digitally 
filtering the phase information outside the phase-locked 
loop. The measurement filtering here may comprise of 
high-pass digital filtering of the phase information. The 30 
filtering may further comprise a low-pass digital filter 
stage additional to that in the phase-locked loop. The 
resultant demodulated jitter may be further processed 
to derive other timing related data. 
[0020] In another embodiment of the invention 35 
processing said local digital reference signal is an ex- 
ternally sourced timing signal, independent of the re- 
ceived signal. This is appropriate for the measurement 
of longer-term variations, such as wander. 
[0021 ] The extracted digital phase information may be *o 
processed into clock time interval error data by filtering 
this phase information. The filtering here may comprise 
of low-pass digital filtering of the phase information. The 
resultant time interval error data may be further proc- 
essed to derive other timing related data such as wander 45 
data. 

[0022] The method may be implemented in a form of 
hardware switchable between phase-locked and inde- 
pendent reference signals according to the measure- 
ment desired. 50 
[0023] The method may be used as pre-processing 
for an apparatus providing composite measurements in- 
cluding MTIE, MRTIE and TDEV, as defined by ITU 
standards. The invention may be further integrated into 
such an apparatus. 55 
[0024] These and other features, together with their 
advantages will be apparent to the skilled reader from 
the description of specific embodiments which follows. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings, in which: 

Figure 1 is a block diagram of an apparatus for 
measurement of jitter and wander according to the 
present invention; 

Figure 2 is a functional block diagram of the appa- 
ratus of Figure 1 when measuring jitter; 

Figure 3 is a functional block diagram of the appa- 
ratus of Figure 1 when measuring wander. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0026] Figure 1 is a block diagram of a test apparatus 
for the measurement of jitter and/or wander in commu- 
nications networks. In practice, the same apparatus will 
be capable of deriving various measurements from the 
system. For example, the International Telecommunica- 
tions Union (ITU-T) specifies other measurements such 
as MRTIE and TDEV which provide information on tim- 
ing performance. By providing the basic data required 
using the present apparatus these other measurements 
can be quickly and efficiently calculated. 
[0027] In the configuration shown, a synchronous dig- 
ital hierarchy (SDH) signal 1 00 is fed by optical fibre into 
a jitter line interface 105. This comprises a conversion 
component 110 which converts the input optical data 
signal into an electrical signal and a clock recovery com- 
ponent 1 1 5 which outputs a recovered line clock. The 
recovered line clock is then input into a sampling block 
1 20. Block 1 20 consists of a digital clock divider 1 25 and 
analogue to digital converter 130. Divider 125 is adapt- 
able to different network clock frequencies, so as to out- 
put a lower frequency clock signal, as mentioned further 
below. 

[0028] A digital phase detection (DPD) block 135 
comprises mixing junctions 140, filter component 145 
and a complex numerically controlled oscillator (NCO) 
150. The recovered clock signal digitised by ADC 130 
is split into two signals 155, 160 and input into mixers 
140. A complex reference signal from the NCO 150 is 
also input into the mixers 140. The complex output of 
the mixers junctions is then input into filter component 
145. Frequency translation is carried out by the mixers 
140 with NCO 150 which translate the input digitised 
clock signal to baseband frequency. It will be understood 
that the term "complex" here refers to signals and cir- 
cuits having in-phase (I) and quadrature (Q) compo- 
nents, equally known as "rear and "imaginary" compo- 
nents. 

[0029] After processing by DPD 1 35 the resultant sig- 
nal is then input into a digital signal processor (DSP) 
175. The DSP 175 processes the phase signal data to 
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produce a results output at 180. The actual results out- 
put and associated processing is dependent on the par- 
ticular measurement configuration specified through 
programming of the DPD and DSP, as will be illustrated 
below. 

[0030] Dependent on the measurement configuration 
specified, NCO 1 50 can be controlled either by a signal 
185 originated from the DSP 175 or an externally 
sourced reference signal 190. The apparatus can be 
configured for jitter type measurements where a locally 
derived signal 185 is input from DSP 175 into the DPD 
1 35 forming a phase-locked loop. The apparatus can be 
configured for wander type measurements where the 
reference signal is input from an external reference sig- 
nal source 190 suitable for use as a wander reference 
clock source. Before describing these specific configu- 
ration options, the general operation of the apparatus 
will now be described. 

[0031] The apparatus of Figure 1 is capable of receiv- 
ing a communications network signal as an input. Typi- 
cal examples of such signals would be signals according 
to SDH protocols such as STM-1 6 or STM-64 as defined 
the ITU-T. Of course, the apparatus described is in no 
way limited only to these standards and may be applied 
to other frequency ranges. 

[0032] In operation the input optical signal is convert- 
ed to an electrical signal and the clock recovered by the 
jitter line interface 105, the recovered clock signal con- 
tains timing information relating to jitter and other clock 
timing information. Digital clock divider 125 divides the 
clock to a lower frequency to be digitised. This could be 
typically a 10MHz - 20MHz clock sampled at a rate of 
65MHz. The use of direct sampling at this stage allows 
for many advantages. Digital processing is more accu- 
rate and more flexible than comparable analogue meth- 
ods, as well as being less expensive and easier to man- 
ufacture. 

[0033] This step of digitising the recovered clock, and 
with it the associated timing information, allows for 
measurements to be carried out completely in the digital 
domain. This avoids any external hardware processing 
of the recovered clock where traditionally the signal 
would be measured using a phase detector and filter 
[0034] The actual step of complex phase detection is 
carried out in the DPD 135 which allows for single inte- 
grated circuit implementation. The DPD 135 provides 
the complex phase detection by mixing the digitised di- 
vided-clock with a complex tracking signal from the on- 
board NCO 150. The complex NCO can be tuned by 
either an external reference signal 1 90 or locally derived 
signal 185. The I and Q base band output 165, 170 is 
low-pass filtered and decimated in filter means 145 to 
give raw phase complex outputs for input into DSP 175. 
Carrying out the phase detection in the digital domain 
means that detection can be carried out at sufficiently 
high frequencies to ensure a sampling frequency that is 
well above the Nyquist rate of the measured signal. The 
use of digital mixing at this stage provides for true linear 



performance. The use of low pass and decimating filters 
provides sufficient rejection of alias image signals, 
which are caused by the decimation, and also rejection 
of unwanted mixing products. 

5 [0035] The DSP 155 processes the raw phase infor- 
mation obtained from DPD 135. The component set-up 
of the DSP 155 and processing steps performed on the 
phase information is dependent on the type of measure- 
ment required. Figure 2 details the configuration for use 

io in jitter measurementand Figure 3 for wander measure- 
ment. In practice, a single DSP configurable for at least 
both of theses types of measurements is possible. 
[0036] Figure 2 shows the configuration of the appa- 
ratus of Figure 1 for use in jitter measurements showing 

15 greater detail of the scheme for phase detection and 
measurement. As described above, the signal under in- 
spection is input and the recovered clock signal convert- 
ed into an electrical signal and digitised. 
[0037] The recovered and digitised clock signal 200 

20 is input into the DPD 135 where each functional block 
operates as described above. The output raw complex 
phase signal 205 is input into DSP 1 55. The DSP in this 
case comprises a phase reconstruction element 210, 
digital phase locked loop (PLL) 215, measurement fil- 

25 tering stage 220 and results processor element 225. 
[0038] The DPD 135 provides the complex phase de- 
tection by mixing the digitised IF clock with a complex 
tracking signal from the NCO 1 50. The NCO on the DPD 
135 is tuned in this case by the DSP 155 by means of 

30 digital PLL 21 5. This forms the tracking loop required for 
the jitter measurement. The I and Q base-band output 
165, 170 is low-pass filtered and decimated in the DPD 
135 at element 145 to give the raw phase complex out- 
puts 205 for input into the DSP 155. 

35 [0039] The filtered and decimated I and Q complex 
samples 205 are reconstructed into a phase signal in 
phase reconstruct element 21 0. The output reconstruct- 
ed phase signal is fed into to both digital PLL 215 for 
controlling the NCO 150 and measurement filtering 

to stage 220; The measurement filtering stage converts 
the digital phase signal to a jitter output using a standard 
inverse tan digital signal processing routine or look-up 
table. 

[0040] The resultant jitter signal is then filtered as a 
45 demodulated signal 205 or fed into results processor 
225. The results processor can apply further steps of 
filtering and computation of the jitter signal to produce 
derived measurements such as RMS or Pk-Pk. 
[0041 ] Figure 3 illustrates an embodiment suitable for 
50 the measurement of wander. As before the recovered 
and digitised clock signal 200 is input into the DPD 135. 
The output raw phase signal 205 is input into DSP 155. 
In this case the DSP 155 comprises phase reconstruct 
element 210 as before, low-pass filter 300 and results 
55 processor 315. 

[0042] The DPD 1 35 provides the complex phase de- 
tection by mixing the digitised IF clock with a complex 
signal set to the same signal derived from reference sig- 
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nal 170. Reference signal 170 is used to clock the IF 
sampler and the DPD 135. The I and Q base-band out- 
put 165, 170 is low-pass filtered and decimated in the 
DPD 135 at element 145 to give the raw phase complex 
outputs 205 for transfer to the DSP 155. 
[0043] The filtered and decimated I and Q complex 
samples 205 are reconstructed into a phase signal in 
phase reconstruct element 210. The measurement fil- 
tering stage converts the digital phase signal samples 
into a Time Interval Error (TIE) using a standard inverse 
tan digital signal processing routine or look-up table. 
The high speed TIE samples are then low-pass filtered 
as required. ITU-T G.823 requires a 1 st order low-pass 
filter of either 10Hz or 100Hz. 
[0044] The resultant TIE samples can be output as 
raw TIE output data 310 or further processed in results 
processor 315 to produce TIE derived measurements 
such as MTIE, MRTIE or TDEV. 
[0045] The reference signal 190 used for wander 
measurements may derive from a suitable external ref- 
erence clock of suitable accuracy for wander measure- 
ments, as defined by the ITU-T. 
[0046] The DPD block 1 35 in both the jitter and wan- 
der measurement configurations can be realised in 
hardware in a number of ways. For example, it could be 
implemented using a semi-custom ASIC. Alternatively, 
implementation can be by way of a versatile single inte- 
grated chip such as the Analog Devices AD6620 or In- 
tersil HSP501214B. Such highly integrated devices in- 
corporate all the necessary elements needed such as 
the NCO 150, filter and decimation 145 stages. These 
devices are commercially available and are typically 
used, for example, as digital signal down-converters in 
digital radio applications. 

[0047] The use of such an integrated solution brings 
advantages in the form of easily programmable param- 
eters thus enhancing the versatility of the apparatus. 
The use of a DSP to perform the processing of the digital 
phase data also allows for versatility, allowing for a 
range of different filtering bandwidths to be possible. 
Such versatility is an important factor as target platform 
on which testing is to be performed might differ from oc- 
casion to occasion. Also, the standards which define 
such parameters may also change. Such versatility and 
adaptability would not be fully realisable in solutions tak- 
ing a more hardwired approach, especially in systems 
heavily biased towards an analogue approach. 
[0048] The apparatus and method of obtaining the jit- 
ter and wander measurements can be extended for in- 
corporation into other methods and apparatus, provid- 
ing the raw input data for measurement of parameters 
such as MTIE, MRTIE and TDEV, among others. For 
example, the method and apparatus described herein 
could be used to provide the TIE or other data samples 
for the apparatus of co-pending European patent appli- 
cations 1 054 522 and 00 3 03 669.6. 



Claims 

1 . A method of measuring parameters of an electronic 
system by reference to a series of data samples 
comprising the steps of: 

(a) recovering a clock signal from an input sig- 
nal received from the electronic system; 

(b) sampling and digitising said recovered clock 
signal to produce a series of digital clock sam- 
ples; 

(c) processing said digital clock samples digit- 
ally with reference to a local digital reference 
signal to produce digital baseband frequency 
in-phase (I) and quadrature (Q) components; 

(d) processing said digital I and Q components 
to extract digital phase information of said clock 
signal; and 

(f) processing said digital phase information to 
determine a parameter of the electronic sys- 
tem. 

2. A method as claimed in claim 1 wherein step (c) is 
implemented using a digital signal down-converter 
IC of a type suitable for digital radio receiver imple- 
mentations. 

3. A method as claimed in claim 1 or 2 wherein the 
steps (d) and (e) are implemented in a single pro- 
grammable digital signal processor chip. 

4. A method as claimed in any of claims 1 to 3 wherein 
the network further comprises the step (a1) fre- 
quency-dividing said recovered clock signal prior to 
said sampling step. 

5. A method as claimed in any of claims 1 to 4 wherein 
the frequency dividing step is performed so as to fix 
the frequency of the digital clock signal for sampling 
while measuring recovered clock signals of different 
frequencies. 

6. A method as claimed any preceding claim wherein 
the processing of said digital clock samples to pro- 
duce baseband frequency in-phase (I) and quadra- 
ture (Q) components comprises splitting said digital 
clock samples into at least two components and 
mixing them with respective reference signals de- 
rived from a said local digital reference signal. 

7. A method as claimed any preceding claim wherein 
the processing of said baseband frequency I and Q 
components to extract phase information further 
comprises the step of filtering and decimating said 
I and Q components. 

8. A method as claimed any preceding claim wherein 
the step of extracting phase information comprises 
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applying an inverse tangent function to said filtered 
and decimated I and Q components by digital signal 
processing. 

9. A method as claimed any preceding claim wherein 5 
the phase of said local digital reference signal is 
controlled in response to the extracted phase infor- 
mation as part of a phase-locked loop (PLL). 

10. A method as claimed in claims 9 wherein the ex- 10 
tracted digital phase information is processed into 
clock jitter data at step (e) by digitally filtering the 
phase information outside the phase-locked loop. 

1 1 . A method as claimed in claims 9 or 1 0 wherein said 15 
filtering comprises high-pass digital filtering of the 
phase information. 

1 2. A method as claimed in claim 1 1 wherein the filtering 
further comprises a low-pass digital filter stage ad- 20 
ditional to that in the phase-locked loop. 

13. A method as claimed in any of claims 1 to 8 wherein 
said local digital reference signal is an externally 
sourced timing signal, independent of the received 25 
signal. 

14. A method as claimed in claim 13 wherein the ex- 
tracted digital phase information is processed into 
clock time interval error (TIE) data by filtering this 30 
phase information. 

15. A method as claimed in claim 14 wherein the filter- 
ing comprises low-pass digital filtering of the phase 
information.. 35 

16. A method as claimed in claim 14 or 15 wherein the 
resultant time interval error data is further proc- 
essed to derive wander data. 

40 

17. A method as claimed in any preceding claim imple- 
mented in a form of hardware switchable between 
phase-locked and independent reference signals 
according to the measurement desired. 

45 

1 8. A method as claimed in any preceding claim where- 
in the method is used as pre-processing for a com- 
posite measurement comprising at least one of 
MTIE, MRTIE, TDEV, RMS and Pk-Pk, as defined 

by any ITU standard. so 

19. A method as claimed in claim 18 wherein said pre- 
processing and the derivation of said composite 
measurement are performed within a single digital 
signal processor. 55 

20. An apparatus for measuring parameters of an elec- 
tronic system by reference to a series of data sam- 



ples, the apparatus comprising means arranged to 
perform the steps of a method according to any of 
claims 1 to 1 9. 
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